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Abstract 
This study attempts to predict the potential cost savings of employing ice thermal storage (ITS) systems in the office 
buildings cooling application in Malaysia over the next 20 years. During the past decades, huge amount of daytime 
peak power has been shifted to the off-peak hours by using cool thermal energy storage (CTES) systems around the 
world. However, the contribution of CTES systems in Malaysia is still small in comparison with its potential. This 
study is conducted for three different scenarios of retrofitting 10%, 25% and 50% of the existing conventional AC 
systems with new ITS systems. The overall results show that the full storage strategy can reduce the annual costs of 
the air conditioning system up to 35 percent while this reduction is limited to around 8 percent for load leveling 
strategy. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICAEE2011 
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1. Introduction 
Air conditioning (AC) systems account for between 16 to 50 % of electricity consumption in many 
regions around the world, especially in hot and humid countries near the Equator [1]. The statistical data 
shows that in Malaysia AC systems are one of the main electricity consumers in most of the buildings, e.g. 
AC systems consume around 57% of the electricity in office building [2]. Malaysia is a country located 
near Equator with an average temperature varied from 20 to 32°C. Like any other developing country, 
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Malaysia has experienced a rapid economic growth in the past decade. The statistical data show that 
during the last 50 years residential electricity consumption has increased dramatically in a way that the 
number of AC system used increased from 13,251 units in 1970 to 253,399 in 1991 and it is predicted that 
it will be reached around 1.5 million in the year 2020 [3, 4]. The total energy consumption of AC systems 
are increased from 1237 GW-hr in 1999 to around 2277 GW-hr in 2009 and it is predicted to reach to 
3055 GW-hr in 2015 approximately [5]. 
Normally, the AC systems operate only for a few hours each day. The electricity consumption pattern 
of the AC systems can be divided in two operating periods of daytime (peak hours) and night time (off-
peak hours) when electricity is cheaper. Cool thermal energy storage (CTES) is a technology whereby 
cool energy is stored in a thermal reservoir during off-peak periods and released during periods of peak 
demand [6, 7]. Consequently, the offset in electricity demand is accompanied by an improved system 
performance and reduced total cost [8]. Based on the storage medium, CTES systems are categorized in 
three major types: Ice Thermal Storage (ITS), Chilled Water Storage (CWS) and eutectic salt phase 
change material thermal energy storage systems [9]. Many electricity providers have recognized the 
potential of CTES to change electricity consumption patterns, and now offer special pricing structures as 
incentives for energy users to deploy CTES systems. Several investigations and case studies about 
economical effects of CTES technology and strategies are available in literature [10-12]. The use of CTES 
systems in building applications can decrease energy costs and also reduce the total energy consumption 
and decrease the environmental impacts [13]. 
Although CTES is a mature technology, considerable potential exists to promote the customers to use 
the new cooling configuration. The statistical data show that in Malaysia, office buildings consume 
around 21% percent of the total electricity consumption of the country [2]. Therefore, a great potential is 
available to reduce utility costs as well as energy consumption and carbon footprint in this sector. The 
main purpose of the present work is to investigate the long term economic benefits of retrofitting ITS 
system with conventional AC system for the office buildings in Malaysia over the next 20 years. Based on 
authors’ knowledge there is no work on the prediction of the potential cost savings of retrofitting ITS 
systems in office buildings in Malaysia. 
2. Methodology 
The daily load profile of a typical office building is influenced by many factors such as the building 
characteristics, number of occupants, occupant’s activity level, the day of the year, the power 
consumption of different devices in worked in the conditioned space and, etc. Calculating the building 
load profile for a CTES system over a period of 24 hours or more is as important as the peak hourly load 
for a non-storage system. In the context of this study, the total typical energy consumption profile of an 
office building is calculated based on the cooling load temperature difference (CLTD) method for every 
hour of a design day. The CTES system not only must meet the peak load, but it must also be designed in 
a way that meets the extended load over time. Therefore, an accurate load profile calculation over the 
complete storage cycle is the most important part of the design process [9]. The chiller operating time can 
be divided in two periods of peak and off-peak hours. The total required chiller capacity is calculated 
using equation (1) [14]. 
 Total kW-hr = Chiller day kW-hr + Chiller night kW-hr    (1) 
Total “chiller day” capacity is equal to the chiller capacity multiplied by the daytime working hours 
and the “chiller night” capacity is equal to the chiller capacity multiplied by the night time operating hours. 
Since the chiller capacity during charging is different to its capacity during direct cooling, a derating 
factor is applied to the chiller capacity. This factor is directly related to the system design and 
manufacturer’s standards and varies between 65 to 72 % for compressor chillers [14]. The total building 
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load is equal to the storage capacity plus chiller “day capacity”. Hence, the total storage capacity is equal 
to the total kW-hr minus chiller day capacity. 
The installation cost of the conventional AC systems is mainly nominated by the total system capacity. 
Generally, in Malaysia market if the total system capacities are 1000 ref.ton and above, a rule of thumb of 
$1166/ref.ton (RM3500/ref.ton) can be considered, which includes supply and installation of chillers, 
pumps, cooling towers, piping & valve fittings, electrical & control system cost and chemical treatment. 
The installation cost of the ITS systems for system capacities above 1000 ref.ton can be adopted with 
$2000/ref.ton (RM6000/ref.ton) that includes supply and installation of chillers, pumps, cooling towers, 
ice tanks, piping & valve fittings, electrical & control system cost, glycol and chemical treatment. The 
annual maintenance cost for the conventional AC system is around $6.6/ref.ton per year and for the ITS 
system is around $8.3/ref.ton per year. 
3. Results and discussion 
A typical cooling load profile of an office building based on the Kula Lumpur climate condition is 
calculated by using the CLTD method. The building is assumed to be occupied from 7am to 7pm daily. 
The building is pre-cooled from 6 am to 7 am in order to overcome the pull-down load. Figure 1 shows 
the typical cooling load profile. The pull down load is clearly visible during the early working hours of the 
AC system. The graph shows that the full load (100%) is required between hours 15 and 17. The main 
goal of this study is to predict the economical effects of retrofitting ITS systems with existing 
conventional AC systems over the next 20 years. In this regard, the total energy consumption of AC 
systems is calculated based on the data available on ref [15]. Since the ITS systems can only be used for 
the central AC systems and most of the big office buildings have a central AC system, this work will 
focus on this part. The electricity consumption share of the big office buildings is presented in ref [2]. 
Hence, the total electricity consumption of the AC systems of office buildings in the year 2011 is 
calculated.
Based on the latest information released by Tenaga Negara Berhad (TNB) Malaysia, the main 
Malaysian electricity provider, the peak period for medium voltage commercial use (C2) is from 8:00 to 
22:00 (14 peak hours per day) with electricity tariff rate during the peak period of $0.104 (RM0.312) with 
the maximum demand cost of $8.633 (RM25.90). However, to encourage customers to shift their 
electricity use to off-peak hours, TNB offers special rate structures for those using thermal energy storage 
systems. Based on the special rates, the peak period reduced to 12 hours with the special electricity tariff 
rate of $0.06 (RM0.182) during off-peak hours with the maximum demand charge of $12.86 (RM38.60). 
Fig. 1. Typical cooling load profile of an office building in Malaysia. 
The economical effect of retrofitting ITS system is calculated for three different scenarios, the first one 
is to retrofit for 10% of the existing conventional AC systems. The second one is to conduct the work for 
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25% retrofit and the third scenario will target 50% of the operating AC systems. The capital cost of 
retrofitting new system configuration is calculated for all three scenarios based on the rule of thumb 
described earlier in the methodology part. The utility and maintenance expenses are also predicted for the 
next 20 years. It was assumed that Malaysia will experience a steady and constant interest rate of 7% over 
the next 20 years [16]. 
 
Fig. 2. Total annual costs and total annual cost savings of retrofitting 50% of the conventional AC systems with ITS system. 
The total electricity cost is the sum of the ongoing electricity costs computed from the electricity tariff 
rate and the monthly maximum demand charge. The annual Maximum demand charge is also calculated 
for the whole year (240 days). The maintenance cost is calculated based on the procedure described in the 
methodology section. The results for total annual costs of retrofitting 50% of the available systems with 
ITS system are presented in Figure 2. It can be observed that the conventional system has the highest costs 
followed by the load leveling strategy that has slightly lower costs. The figure also shows that the full 
storage strategy has considerably lower costs.
By subtracting the total annual costs of each system configuration from the total annual cost of the 
conventional system the total annual cost savings can be determined. The results for the total annual cost 
saving by retrofitting 50% of the available systems are shown on the right hand side of Figure 2. It can be 
observed that the total cost saving can reach up to 14% in the best condition. The result of cost savings for 
the three strategies is presented in Figure 3. Obviously, as the retrofitting percentage increases, the total 
cost savings enhances. The results also indicate that the cost saving of the load leveling strategy is 
significantly lower than the full storage strategy. The graph shows that even by r only 10% retrofitting of 
the available conventional systems by ITS system, a huge amount of money can be saved over the next 20 
years. This would have a direct benefit for customers and also can have significant advantages for the 
society. The summery of the results is presented in Table 1. 
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Fig. 3. Total annual costs savings of retrofitting 10%, 25% and 50% of the conventional AC systems with ITS system. 
By comparing the installation, maintenance and electricity costs of the conventional system with the 
ITS system, it was found that the payback period of the full storage is equal 3 to 6 years For the load 
leveling strategy this period is varied between 1 to 3 years. Although the cost savings of CTES systems 
are significantly higher than the energy savings, but electricity production and distribution during the 
night hours is significantly more efficient and can save considerable amount of fossil fuels in the power 
plants that can assist in conserving fossil fuels and decrease harmful emissions. 
Table 1. Summary of the results 
 Installation cost (M$) Total costs (M$ over 20 Years) Total costs saving (M$ over 20 Years)
Conventional 
system 
Full
storage
Load 
leveling
Conventional 
system 
Full
storage
Load 
leveling
Full storage Load leveling
50% 661 1755 723 38,941 31,716 37,743 7226 1199 
25% 331 877 361 19,471 5858 18,871 3613 599 
10% 132 351 145 7788 6343 7549 1445 240 
4. Conclusions 
The potential cost savings of employing ITS systems for the office buildings application in Malaysia is 
investigated in this study. The statistical data show that in Malaysia, AC systems are the major energy 
consumers in office building with around 57 percent share. Three different scenarios were considered to 
predict the cost saving potential of retrofitting ITS systems with the conventional AC over the next 20 
years. The results based on the calculated load profile and climate conditions showed that considering the 
special off-peak tariff rate of $0.06/kW-hr, the annual cost saving for full storage strategy is around 4 
times more than the load leveling strategy. The comparison study between the conventional system and 
ITS system reveals that for the full storage strategy the payback period varied between 3 to 6 years while 
the payback period for the load leveling strategy is varied between 1 to 3 years. 
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